
9. ACCURACY OF WGS 84 COORDINATES 

9.1 General 

The accuracy of the WGS 84 coordinates of a site is significantly 

influenced by the method used to determine the coordinates. With the full 

implementation of WGS 84, the NSWC 92-2 to WGS 84 Transformation will no 

longer be used. Therefore, three basic methods remain for obtaining 

WGS 84 coordinates. Depending on the data available, the WGS 84 

coordinates of a site can be determined: 

- Directly in WGS 84 via a satellite point positioning solution 

using ground-based Doppler satellite tracking data and precise 

sate1 1 ite ephemerides (Section 7.2.1). (It is anticipated that 

current usage of NNSS Satellites will give way to NAVSTAR GPS 

Satellites and associated tracking data as the latter System 

nears full operational capabi 1 ity.) 

- By a WGS 72-to-WGS 84 Coordinate Transformation (Section 

7.2.3). 

- By a Local Geodetic System-to-WGS 84 Datum Transformation 

(Section 7.2.4). 

However, the situation is even more complicated since there are several 

techniques for accomplishing a Local Geodetic System-to-WGS 84 Datum 

Transformation. In addition, the accuracy of the WGS 84 coordinates of a 

site is different depending on whether it is a Doppler station or a non- 

Doppler geodetic network station, or whether the WGS 84 coordinates were 

determined by a receiver operated in a dynamic or static mode. 

9.2 WGS 84 Coordinates Determined via Satellite Point Positioninq 

The accuracy (one sigma) of a Doppler station's WGS 84 

coordinates directly determined in WGS 84 by satellite point positioning 



u t i l i z i n g  NNSS Sate1 1  i tes,  t h e i r  r espec t i ve  p r e c i s e  ephermerides, and ground- 

based Doppler s a t e l l i t e  t r a c k i n g  data acqu i red  i n  t he  s t a t i c  mode i s  i n  

geodet ic  l a t i t u d e ,  geodet i c  l ong i t ude ,  and geodet ic  he igh t :  

A s i m i l a r  s a t e l l i t e  p o i n t  p o s i t i o n i n g  c a p a b i l i t y  u t i l i z i n g  NAVSTAR GPS 

Sate1 1  i t e s  i s  c u r r e n t l y  under development by DMA. 

I n  deve lop ing  WGS 84, f o r  t h e  1591 Doppler s t a t i o n s  invo lved ,  t h e  

accuracy (one sigma) o f  t h e i r  WGS 84 coord ina tes  determined v i a  t he  NSWC 92-2 

t o  WGS 84 Trans fo rmat ion  was assumed t o  be: 

It i s  these Doppler s t a t i o n  WGS 84 coord inates,  c o n s t i t u t i n g  an i n t e g r a l  p a r t  

o f  WGS 84, t h a t  were used (Chapter 7 )  t o  develop Local  Geodetic System-to- 

WGS 84 Datum Transformat ions.  

The WGS 84 coo rd ina te  accurac ies i n  t h e  two paragraphs immediately 

above a r e  abso lu te  accurac ies  i n  t h a t  they i n c o r p o r a t e  n o t  o n l y  t he  

"obse rva t i ona l  " o r  s o l u t i o n  e r r o r ,  b u t  t he  e r r o r s  assoc ia ted  w i t h  p l a c i n g  t h e  

o r i g i n  o f  t h e  WGS 84 Coord inate System a t  t h e  e a r t h ' s  cen te r  o f  mass and 

de te rmin ing  t h e  c o r r e c t  sca le  f o r  t he  WGS 84 Coord inate System. The e r r o r  

es t imates  do n o t  i n c l u d e  t he  u n c e r t a i n t y  assoc ia ted  w i t h  t h e  at tempt  t o  b r i n g  

t h e  WGS 84 zero  mer i d i an  i n t o  co inc idence w i t h  t he  BIH-def ined Zero Mer i d i an  

(1984.0). Th i s  i n c l u s i o n  i s  n o t  necessary s i nce  t he  l o c a t i o n  o f  t h e  WGS 84 

1  ongi  tude re fe rence  o r  ze ro  mer id ian  i s  a r b i t r a r y  . These absol u t e  accuracy 

values should n o t  be confused w i t h  t he  sub-meter p r e c i s i o n  (one sigma) : 

- O f  a  Doppler coo rd ina te  s o l u t i o n  ( t h e  "obse rva t i ona l "  e r r o r ) .  



- Of a Doppler coordinate solution which has been repeated 

independently at the same site. 

9.3 WGS 84 Coordinates Determined From the WGS 72-to-WGS 84 

Transformation 

As seen in Chapter 7, the WGS 72 and WGS 84 geodetic coordinates 
of a site do not agree due to differences between the WGS 72 and WGS 84 

Ellipsoids, coordinate system origins, reference longitudes, and system 

scales. (Other differences between the two systems are discussed later. ) 

These differences are expressed numerically in Table 7.4 in the form of 

WGS 72-to-WGS 84 Transformation Formulas. Table 7.5 contains A@, AX, AH 

values obtained from an evaluation of these coordinate conversion formulas 

along a meridian at five degree intervals of latitude from the north pole 

to the south pole. Important to the discussion here is the footnote to 

Table 7.5 which indicates that the recorded A ,  AX, &I values do not 

reflect the effect of differences between the WGS 72 and WGS 84 EGMs and 

Geoids, nor the difference between Local Geodetic System-to-WGS 72 Datum 

Shifts and Local Geodetic System-to-WGS 84 Datum Shifts. Two WGS 72-to- 

WGS 84 coordinate conversion situations need to be discussed with respect 

to the preceding. 

First, consider a Doppler station with WGS 72 coordinates known 

from a satellite point positioning solution, but the related satellite 

ephemerides and/or stat ion Doppler tracking data, or NSWC 92-2 coordi- 

nates, are no longer available. The Doppler station may or may not have 

any known geodetic connection to a local geodetic system (but the 

station's WGS 72 coordinates must not have been determined from a Local 

Geodetic System-to-WGS 72 Datum Transformation). In such a situation, the 

WGS 84 coordinates of the Doppler station would be determined using the 

WGS 72-to-WGS 84 Transformation Formulas (Table 7.4). These formulas 

essentially correct the WGS 72 coordinates for the effect of a poorly 

defined WGS 72 Coordinate System origin, a too small system scale, a 

longitude reference inconsistent with the WGS 84 (BIH-def ined) Zero 



M e r i d i a n ,  and t h e  d i f f e r e n c e s  between t h e  WGS 72 and WGS 84 E l l i p s o i d s .  

S ince  WGS 72 i s  Doppler-based, by  p roceed ing  i n  t h i s  manner f r o m  t h e  

Doppler  s t a t i o n ' s  WGS 72 c o o r d i n a t e s ,  t h e  s t a t i o n ' s  newly  d e r i v e d  WGS 84 

c o o r d i n a t e s  shou ld  be a lmos t  as a c c u r a t e  as WGS 84 c o o r d i n a t e s  o b t a i n e d  

v i a  an NSWC 92-2 t o  WGS 84 T rans fo rmat ion  (Tab le  2.4). (Note  t h e  s i m i l a r -  

i t y  between t h e  formulas  l i s t e d  i n  Tab les  2.4 and 7.4.) The ma jo r  m i s s i n g  

i n g r e d i e n t  i s  t h e  s t a t i o n  c o o r d i n a t e  improvement p o s s i b l e  from use o f  t h e  

WGS 84 EGM as opposed t o  t h e  WGS 72 EGM. A l though  t h e  e f f e c t  on s t a t i o n  

c o o r d i n a t e s  of t h i s  EGM d i f f e r e n c e  has n o t  y e t  been e s t a b l i s h e d  e m p i r i -  

c a l l y  by  DMA, t h e  WGS 84 c o o r d i n a t e s  f o r  such a  Doppler  s t a t i o n ,  genera ted  

f r o m  t h e  s t a t i o n ' s  known WGS 72 c o o r d i n a t e s  u s i n g  t h e  WGS 72-to-WGS 84 

T r a n s f o r m a t i o n  Formulas, have t h e  f o l l o w i n g  e s t i m a t e d  a c c u r a c i e s  ( l a ) :  

Next, c o n s i d e r  a  non-Doppler l o c a l  g e o d e t i c  network s t a t i o n  w i t h  

known WGS 72 c o o r d i n a t e s ,  de te rm ined  u s i n g  L o c a l  Geodet ic  System-to-WGS 72 

Mean Datum S h i f t s .  S ince mean r a t h e r  t h a n  l o c a l i z e d  datum s h i f t s  have 

been used, t h e  s t a t i o n ' s  WGS 72 c o o r d i n a t e s  may be o f  poor accuracy.  [Due 

t o  t h e  p a u c i t y  o f  Doppler  s t a t i o n s  i n  t h e  1972 t i m e  p e r i o d ,  l o c a l i z e d  

datum s h i f t s  c o u l d  o n l y  be deve loped f o r  NAD 27 (CONUS), these  i n  t h e  f o r m  

o f  AX, AY, AZ NAD 27-to-WGS 72 Datum S h i f t  Contour Char ts . ]  There fo re ,  

t h e  WGS 84 c o o r d i n a t e s  o f  such a  s i t e ,  determined u s i n g  t h e  WGS 72 - to -  

WGS 84 T r a n s f o r m a t i o n  ( T a b l e  7.4) may a l s o  be of poor accuracy,  c o n t a i n i n g  

t h e  shor tcomings o f  t h e  s i t e ' s  WGS 72 c o o r d i n a t e s .  C o n s i d e r a t i o n  o f  some 

c o o r d i n a t e  d i f f e r e n c e s  p r o v i d e s  an idea  o f  t h e  e r r o r  magni tudes i n v o l v e d .  

For  t h e  e n t r i e s  i n  Tab le  7.5, computed u s i n g  t h e  WGS 72-to-WGS 84 

T r a n s f o r m a t i o n  Formulas i n  Tab le  7.4, t h e  l a r g e s t  d i f f e r e n c e s  between 

WGS 84 and WGS 72 g e o d e t i c  l a t i t u d e s  and g e o d e t i c  l o n g i t u d e s  a r e  4.5 and 

17.1 meters,  r e s p e c t i v e l y ,  wh ich occur  i n  t h e  e q u a t o r i a l  r e g i o n .  The 

l a r g e s t  g e o d e t i c  h e i g h t  d i f f e r e n c e  (WGS 84 minus WGS 72) i s  a  n e g a t i v e  4.9 

meters  which occurs  i n  t h e  sou th  p o l a r  area.  However, WGS 84 minus WGS 72 



coordinate differences are often much larger when the WGS 72 coordinates 

are determined using Local Geodetic System-to-WGS 72 Mean Datum Shifts. 

This is readily apparent from C9.11, Figures 26.1 through 26.30, where the 

WGS 72 coordinates used in forming the coordinate differences (WGS 84 

minus WGS 72) for the geographical areas associated with NAD 27 (Alaska), 

NAD 27 (Canada), NAD 27 (CONUS), SAD 69, ED 50 (Western Europe), OSGB 36, 

TD, AGD 66, Adindan Datum, and Arc Datum 1950 were determined using Local 

Geodetic System-to-WGS 72 Mean Datum Shifts developed as part of WGS 72. - 
As an example, contour charts of these WGS 84 minus WGS 72 maximum coordi- 

nate differences are provided here for the NAD 27 (CONUS) area, Figures 

9.1 through 9.3. [For illustrative purposes, Mean Datum Shifts were used 

to calculate the WGS 72 coordinates for NAD 27 (CONUS) although, as noted 

earlier, the more accurate AX, AY, AZ Datum Shift Contour Charts are 

available for that area. 1 

The maximum latitude differences, as depicted on these contour 

charts C9.11, are considerably larger than those appearing in Table 7.5. 

For example, latitude differences of 0.5 arc second are noted for the 

SAD 69, OSGB 36, and TD geographical areas, reaching -1.0 and 1.2 arc 

seconds for the Arc Datum 1950 and NAD 27 (Canada) areas, respectively. 

In addition, the longitude differences [9.1] are generally larger than the 

latitude differences. Longitude differences as large as 1.0, 1.2, and 2.6 

arc seconds are noted for the SAD 69, ED 50 (Western Europe), and Arc 

Datum 1950 geographical areas, respectively. These maximum longitude dif- 

ferences are considerably larger than the 0.554 arc second value 

(Table 7.4), which is the difference between the WGS 72 and WGS 84 refer- 

ence longitudes (zero meridians). In fact, longitude differences larger 

than 0.5 arc second occur for all of the above geographical areas except 

AGD 66, and there, the largest difference equals 0.5 second. Geodetic 

height differences are also large for some of the geographical areas, 

reaching 14, 18, and -36 meters, respectively, for the SAD 69, Arc Datum 

1950, and TD geographical areas. The maximum geodetic height differences 

for these areas [9.1] are much larger than any values appearing in Table 

7.5. The basic data used in forming these maximum WGS 84 minus WGS 72 co- 

ordinate differences is treated briefly in [9.11, Section 26 (Page 26-11. 



Therefore, based on the preceding, it can be concluded that the 

WGS 72-to-WGS 84 Transformation Formulas (Table 7.4) should not be used at 

a non-Doppler geodetic network station if the station's WGS 72 coordinates 

were previously determined using the Molodensky Datum Transformation 

Formulas and Local Geodetic System-to-WGS 72 Mean Datum Shifts. A Local 

Geodetic System-to-WGS 84 Datum Transformation should be used instead 

(Section 7.2.4). However, the WGS 72-to-WGS 84 Transformation Formulas 

(Table 7.4) and WGS 72 coordinates may be used to obtain WGS 84 

coordinates for a non-Doppler local geodetic network station if both of 

the following conditions are met: 

- The non-Doppler station is in the immediate vicinity of a 

Doppler station. 

- The WGS 72 coordinates of the non-Doppler station were 

previously determined using the Molodensky Datum Transformation 

Formulas and Local Geodetic System-to-WGS 72 Localized Datum 

Shifts. 

For this situation, the WGS 84 coordinates of non-Doppler geodetic network 

stations determined via Table 7.4 will have the same estimated one-sigma 

accuracies as expressed by Equations 9-5 and 9-6. 

In summary, the preceding indicates that WGS 84 coordinates: 

- Determined at a Doppler station using the WGS 72-to-WGS 84 

Transformation Formulas (Table 7.4) and that station's WGS 72 coordinates 

(previously derived from a satellite point positioning solution) have 

estimated one-sigma accuracies of a+ = o~ = f3 meters and OH = f3 to 

24 meters. These accuracy values may change in the future as empirical 

data related to the effect on station positioning of use of the WGS 84 EGM 

versus the WGS 72 EGM in satellite point positioning accumulates. 

- Determined at non-Doppler geodetic network stations in the 

immediate vicinity of Doppler stations have estimated one-sigma accuracies 



of a$ = o~ = 23 meters and = 23 to +4 meters if the WGS 84 coordinates 
were determined using the WGS 72-to-WGS 84 Transformation (Table 7.4), and 

the stat ion's WGS 72 coordinates used in the conversion were previously 

determined using the Molodensky Datum Transformation Formulas and Local 

Geodetic System-to-WGS 72 Localized Datum Shifts. 

- Should not be determined at non-Doppler geodetic network 

stations using the WGS 72-to-WGS 84 Transformation Formulas (Table 7.4) if 

the station's WGS 72 coodinates were previously determined using the 

Molodensky Datum Transformation Formulas and Local Geodetic System-to- 

WGS 72 - Mean Datum Shifts. A Local Geodetic System-to-WGS 84 Datum 

Transformation should be used instead. 

9.4 WGS 84 Coordinates Determined From Local Geodetic System-to- 

WGS 84 Datum Transformations 

The WGS 84 coordinates of a non-Doppler local geodetic network 

station will be less accurate than the WGS 84 coordinates of a Doppler 

station determined via satellite point positioning (Section 9.2). This is 

due to the distortions present in local geodetic system networks, the lack 

(in general ) of a sufficient number of properly placed Doppler stations 

colocated with local geodetic system stations for use in forming the Local 
Geodetic System-to-WGS 84 Datum Shifts, and the uncertainty introduced by 

the Local Geodetic System-to-WGS 84 Datum Transformation Formulas 

themselves. 

In converting many loca.1 geodetic systems to WGS 84, the WGS 84 

coordinates of both Doppler and non-Doppler local geodetic network 

stations wi 1 1  be determined using a Local Geodetic System-to-WGS 84 Datum 

Transformation. When such a transformation is used, the WGS 84 

coordinates of both Doppler and non-Doppler stations are affected by both 

a random error and a bias. For the latitude component ($ ) ,  for example, 

the random or Gaussian error in the WGS 84 geodetic latitude (or A $  datum 

shift) at a non-Doppler station is the same as that for a Doppler (datum 

conversion) station. This random error, from Equation (9-3), is: 



The b i a s  i n  t h e  l a t i t u d e  component ( o r  A $  datum s h i f t )  a t  both Doppler and 

non-Doppler s t a t i o n s  i s  t h e  d i f f e r e n c e  between t h e  t r u e  datum s h i f t  and 

t h e  datum s h i f t  a c t u a l l y  used a t  t he  s t a t i o n s .  

The p r o b a b i l i t y  e r r o r  space c o n t a i n i n g  t h e  t r u e  va lue when t h e  

e r r o r  source has bo th  a  random and a  b i a s  component can be expressed 

mathemat ica l l y  C9.21 C9.31. The p r o b a b i l i t y  d e n s i t y  f u n c t i o n  f o r  + i n  one 

dimension, f (  +), i s :  

S i m i l a r  express ions h o l d  f o r  A and H. 

Assuming t h a t  t h e  e r r o r s  i n  +, A, and H a re  uncor re la ted ,  t h e  

p r o b a b i l i t y  d e n s i t y  f u n c t i o n  i n  two dimensions i s :  

I n  t h r e e  dimensions, t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  i s :  



I n  t h e  above equat ions, 64, 6X, and 81 denote t h e  b iases i n  t h e  WGS 84 

geodet i c  l a t i t u d e ,  geodet i c  long i tude ,  and geodet i c  he igh t ,  r espec t i ve l y ,  

a t  t h e  Doppler and non-Doppler s t a t i o n s .  

The one s tandard d e v i a t i o n  p r o b a b i l i t y  l e v e l  may be found f rom 

t h e  i n t e g r a l s  o f  t h e  p robab i  l i t y  d e n s i t y  f u n c t i o n s ,  Equat ions (9-71, 

(9-81, and (9-91, v i a  numerical  i n t e g r a t i o n .  I n  one dimension, u t i  1  i z i n g  

Equat ion (9-7):  

where a, i s  t h e  l i n e a r  one-sigma e r r o r  i n  geodet i c  l a t i t u d e .  S i m i l a r  
$ 

express ions f o r  f (  A )  and f ( H )  may be numer i ca l l y  i n t e g r a t e d  t o  f i n d  0% 
X 

and a ,  r e s p e c t i v e l y  . 

The p r o b a b i l i t y  d e n s i t y  f u n c t i o n  i n  two dimensions, Equat ion 

(9-8), may be n u m e r i c a l l y  i n t e g r a t e d  t o  f i n d  t h e  c i r c u l a r  one s tandard 

d e v i a t i o n  p r o b a b i l i t y  l eve l :  

I n  Equat ion (9-121, R denotes a  c i r c u l a r  d i s c  o f  r a d i u s  uC. 

For  t h e  t h r e e  dimensional  case, Equat ion (9-9)  may be numer i ca l l y  

i n t e g r a t e d  t o  f i n d  t h e  s p h e r i c a l  one s tandard d e v i a t i o n  p r o b a b i l i t y  l e v e l :  



In Equation (9-14), S denotes a sphere of radius as. 

Equations (9-lo), (9-121, and (9-14) were numerical ly integrated 

to obtain values for o Q ,  o , o , oc, and p a t  individual Doppler 
4 Q~ 

stations. For the linear case ( oQ , o the integration was 
0 

performed numerically using a seven-point Simpson's Rule. For the two and 

three dimensional cases ( o,, 5,) , numerical integration was performed 

using a 64-point and a 512-point 15th degree Gauss Product Formula, 

respectively [9.4]. The values used inf(@), f(X), f(H), f(+,h), and 

f(@, X,H) for the random errors in WGS 84 geodetic latitude, geodetic 

longitude, and geodetic height, om = oX = +2 m and a,, = t3 m , were 

obtained from Equations (9-3) and (9-4). The values used (in the 

calculations) for the biases in the WGS 84 geodetic latitude, geodetic 

longitude, and geodetic height were the residuals 60, 6h, and 6H available 

at each Doppler station (calculation point) from the equations: 

6(i = Ami - bmi (Calculated) 

In Equations (9-16), the quantities Ami, AXi, and AHi are datum 

shifts known at each Doppler station (calculation point) through the 

availability of WGS 84 coordinates obtained via the NSWC 92-2 to WGS 84 

Transformation, Table 2.4. The quantities A$i(Calculated), 

Ahi (Calculated), and AHi (Calculated) are values determined at each Doppler 

station (calculation point) using either the Standard Molodensky Datum 



T r a n s f o r m a t i o n  Formulas w i t h  Mean Datum S h i f t s  o r  Datum T r a n s f o r m a t i o n  

MREs. 

U t i l i z i n g  t h e  approach d i s c u s s e d  above, WGS 84 c o o r d i n a t e  accu- 

r a c y  c a l c u l a t i o n s  were pe r fo rmed  f o r  s e v e r a l  l o c a l  g e o d e t i c  systems 

assuming t h e  WGS 84 c o o r d i n a t e s  were de te rm ined  u s i n g  t h e  two datum 

t r a n s f o r m a t i o n  t e c h n i q u e s  d i s c u s s e d  above- - the  Standard  Molodensky Datum 

T r a n s f o r m a t i o n  Formulas  w i t h  Mean Datum S h i f t s ,  and Datum T r a n s f o r m a t i o n  

MREs. As p r e v i o u s l y  i n d i c a t e d ,  u n l e s s  a  s u f f i c i e n t  number o f  Dopp ler  

s t a t i o n s  has been c o l o c a t e d  w i t h  l o c a l  g e o d e t i c  network  s i t e s  t o  a s c e r t a i n  

t h e  presence o r  absence o f  any s i g n i f i c a n t  d i s t o r t i o n  i n  t h e  l o c a l  

g e o d e t i c  network,  t h e  accu racy  w i t h  wh ich  WGS 84 c o o r d i n a t e s  o f  non- 

Dopp ler  l o c a l  ne twork  s i t e s  can be de te rm ined  u s i n g  a  L o c a l  Geodet ic  

System-to-WGS 84 Datum T r a n s f o r m a t i o n  cannot  be r i g o r o u s l y  c a l c u l a t e d .  

However, u t i l i z i n g  t h e  approach d i scussed  above, t h e r e  i s  s u f f i c i e n t  d a t a  

a v a i l a b l e  a t  ne twork  Dopp ler  s t a t i o n s  t o  c a l c u l a t e  t h e  accu racy  o f  t h e i r  

WGS 84 c o o r d i n a t e s  as  a  f u n c t i o n  o f  t h e  L o c a l  Geodet ic  System-to-WGS 84 

Datum T r a n s f o r m a t i o n  t e c h n i q u e  (used t o  o b t a i n  t h e  WGS 84 c o o r d i n a t e s ) .  

The i n d i v i d u a l  l i n e a r  one-sigma accu racy  v a l u e s  ( o2 , u2A9 ) 

computed a t  each Dopp le r  s t a t i o n  ( c a l c u l a t i o n  p o i n t )  f o r  WGS 84 g e o d e t i c  

l a t i t u d e ,  g e o d e t i c  l o n g i t u d e ,  and g e o d e t i c  h e i g h t  were used t o  p r e p a r e  

c o n t o u r  c h a r t s  f o r  s e v e r a l  l o c a l  g e o d e t i c  systems. Such c o n t o u r  c h a r t s  

i l l u s t r a t e  how e r r o r s  i n  t h e  WGS 84 c o o r d i n a t e s  of Dopp ler  s t a t i o n s  v a r y  

t h r o u g h o u t  t h e  l o c a l  g e o d e t i c  network  as a  f u n c t i o n  of t h e  datum t r a n s -  

f o r m a t i o n  t e c h n i q u e  used t o  c a l c u l a t e  t h e  WGS 84 c o o r d i n a t e s .  F i g u r e s  9.4 

- 9.6, f o r  example, i l l u s t r a t e  how e r r o r s  i n  t h e  WGS 84 c o o r d i n a t e s  o f  

Dopp ler  s t a t i o n s  v a r y  t h r o u g h o u t  NAD 27 (CONUS) when t h e  WGS 84 c o o r d i -  

n a t e s  a r e  de te rm ined  u s i n g  t h e  Standard  Molodensky Datum T r a n s f o r m a t i o n  

Formulas w i t h  Mean Datum S h i f t s  ( X ,  n, ) .  These and s i m i l a r  c o n t o u r  

c h a r t s  a r e  a v a i l a b l e  i n  S e c t i o n  27 o f  [9.1] f o r  SAD 69, ED 50 (Western 

Europe),  ED 50 ( U K / I r e l a n d ) ,  ED 50 (UK On ly ) ,  TD, and AGD 84. Requ i re -  

ments f o r  s i m i l a r  c h a r t s  f o r  o t h e r  l o c a l  g e o d e t i c  systems s h o u l d  be made 

known t o  DMA. (See PREFACE.) From t h e s e  c o n t o u r  c h a r t s ,  i t  i s  apparen t  

t h a t  t h e  accu racy  o f  WGS 84 c o o r d i n a t e s  can degrade c o n s i d e r a b l y  when mean 



datum shifts are used in their determination. This is quite noticeable 

for WGS 84 geodetic latitudes and longitudes in both the United States 

(CONUS) and South America L9.11. Latitude and longitude errors as large 

as 12 and 10 meters, respectively, are noted in CONUS, with longitude 

errors reaching 26 meters in South America. Also, errors in latitude and 

longitude reach 10 and 14 meters, respectively, in Western Europe [9.1]. 

Similar contour charts, Figures 9.7 - 9.9, illustrate how errors 

in the WGS 84 coordinates of Doppler stations vary throughout NAD 27 

(CONUS) when the WGS 84 coordinates are determined using Datum 

Transformation MREs. These and similar contour charts are also available 

in Section 27 of C9.11 for the local geodetic systems identified in the 
preceding paragraph. Requirements for such MRE-related graphics for other 

local geodetic systems should also be made known to DMA. (See PREFACE. ) 

The individual linear, circular, and spherical one-sigma accuracy 

values (0, , o, , o, , uC, u s  computed at each Doppler station (calcula- 
A H  

tion point)' for WGS 84 geodetic latitude, geodetic longitude, and geodetic 

height were also used to calculate linear, circular, and spherical errors 

uD ) for WGS 84 coordinates for each local geodetic system 
C S 

analyzed. The following equations were used to perform the calculations: 
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where 

n = number o f  Doppler s t a t i o n s  ( c a l c u l a t i o n  p o i n t s )  u t i l i z e d  i n  t h e  

l o c a l  geodet i c  system ( n  g rea te r  than  one). 

The l i n e a r ,  c i r c u l a r ,  and s p h e r i c a l  e r r o r s  determined i n  t h i s  manner 

a re  l i s t e d  i n  Tables 9.1 and 9.2 f o r  WGS 84 coord ina tes  computed a t  Doppler 

s t a t i o n s  us ing  t h e  Standard Molodensky Datum Transformat ion Formulas w i t h  Mean 

Datum S h i f t s ,  and Datum Transformat ion MREs, r e s p e c t i v e l y .  From these t a b l e s  

and t h e  contour  c h a r t s  d iscussed e a r l i e r ,  i t  i s  apparent t h a t  t h e  WGS 84 coor- 

d i na tes  o f  Doppler and non-Doppler s t a t i o n s  a re  more accura te  ( w i t h  minor ex- 

cep t i ons )  when determined us ing  Loca l  Geodetic System-to-WGS 84 Datum Trans fo r -  

mat ion MREs than  Molodensky Datum Transformat ion Formulas w i t h  Mean Datum 

S h i f t s .  Also, it i s  noted f rom a comparison o f  Table 9.1 and Table 9.2 e n t r i e s  

t h a t  WGS 84 coo rd ina tes  e x h i b i t i n g  r e l a t i v e l y  l a rge  e r r o r s  (Table 9.1) show 

cons iderab le  improvement when based on Datum Transformat ion MREs (Table 9.2). 

Compare, f o r  example, t h e  WGS 84 coord ina te  accurac ies  f o r  t h e  f o l l o w i n g  

datums: Arc 1950, Arc 1960, Carthage, ED 50 ( I r a n ) ,  Ind ian,  L i b e r i a  1964, 

Luzon, NAD 27 (Canada, Mexico and Cen t ra l  America, Caribbean), Oman, OSGB 36, 

PSAD 56, and SAD 69. A comparison o f  F igures  27.1 - 27.21 w i t h  F igu res  27.22 - 
27.42 i n  C9.11 v i s u a l l y  r e i n f o r c e s  t h e  f i n d i n g s  e s t a b l i s h e d  s t a t i s t i c a l l y  v i a  

Tables 9.1 and 9.2 -- t h e  s u p e r i o r i t y  o f  Datum Transformat ion MREs over Mean 

Datum S h i f t s  f o r  gene ra t i ng  WGS 84 coord inates.  The contour  c h a r t s  i n d i c a t e  

t h a t  Datum Trans fo rmat ion  MREs produce WGS 84 coord ina tes  o f  b e t t e r  accuracy 

over  a  much l a r g e r  geograph ica l  e x t e n t  than  do Mean Datum S h i f t s .  For example, 

compare F igu res  9.4, 9.5, and 9.6 w i t h  F igu res  9.7, 9.8, and 9.9, r e s p e c t i v e l y .  

A l though t h e  p reced ing  a n a l y s i s  i n d i c a t e s  t h e  va lue o f  us i ng  Datum 

Transformat ion MREs t o  generate WGS 84 coord inates,  as opposed t o  us ing  Mean 

Datum S h i f t s ,  MRE-generated WGS 84 coord ina tes  a re  n o t  always as accura te  as 

des i red.  For  example, MRE-derived WGS 84 l a t i t u d e s  a re  o f  poor q u a l i t y  f o r  t h e  

southeastern t i p  o f  Texas (F igu re  9.7). Th i s  poor accuracy i s  i n d i c a t i v e  o f  a  

9 - 1 3  
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problem in that area with either the Doppler station's local geodetic system 

latitude, or the fitting of the ACMRE in that locale. (Although unlikely, the 

WGS 84 coordinate could be the error source here, and in like situations.) 

Similarly, MRE-generated longitudes are not as accurate as desired in northern 

Wisconsin and northwestern Michigan (Figure 9.8). As before, this poor 

accuracy could be due to a Doppler station local geodetic longitude of poor 

quality and/or difficulty in the fitting of the Ax-MRE in that area. A similar 

situation exists in the Southern Italy and Greece portions of ED 50 where 

WGS 84 latitudes are of poor accuracy whether generated using Datum Transfor- 

mation MREs or the Standard Molodensky Datum Transformation Formulas with Mean 

Datum Shifts. (See Section 27 of Reference 9.1.) Although the poor accuracy 

for MRE-generated WGS 84 latitudes in the Southern Italy and Greece regions 

could be due to Doppler station local geodetic latitudes of poor quality and/or 

difficulty in the fitting of the ACMRE in the area, this similarity of 

accuracy is probably due to an insufficient number of Doppler stations in that 

region to properly define latitude variations in the ED 50 Network. In areas 

where local geodetic system latitude variations are known, Datum Transformation 

MREs are capable of modeling these variations, leading to better accuracy for 

MRE-generated latitudes than those generated from the use of Mean Datum Shifts. 

However, since the first known use of the multiple regression equation approach 

for datum conversion purposes is with WGS 84, it is anticipated that a better 

practical understanding of the technique and coefficient generation process 

might also lead to future improvements. 

9.5 NAVSTAR GPS-Derived WGS 84 Coordinates 

The geodetic basis of NAVSTAR GPS is WGS 84: the WGS 84 coordinate 

system and associated reference frames (inertial, "instantaneous"), the WGS 84 

EGM truncated at n=m=8, and GPS monitor stations directly positioned in WGS 84 

(Table 7.3). Since the broadcast ephemerides are based on WGS 84, NAVSTAR GPS 

receivers automatically give the user's position and velocity in WGS 84 earth- 
centered, earth-f i xed (ECEF) coordinates. 

It's important to note that NAVSTAR GPS receivers operated in the 

navigation (dynamic) mode cannot currently provide WGS 84 coordinates to an 

accuracy of 22 meters. Due to current "system" limitations, a dynamic user has 

the capability to determine rectangular coordinates only to an accuracy of 210 
9-14 
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meters  (one sigma, l i n e a r )  C9.51 C9.61. Also, r e s u l t s  t o  da te  C9.71 i n d i c a t e  

t h a t  a  s t a t i c  user,  u s i n g  a  GPS r e c e i v e r  i n  t h e  s tandard  ope ra t i ng  mode, can 

determine h i s  p o s i t i o n  t o  no b e t t e r  than  25 meters (one sigma, l i n e a r ) ,  w i t h o u t  

any pos t -p rocess ing  o f  data.  The r e l a t i v e l y  poor q u a l i t y  o f  GPS-derived 

p o s i t i o n s  f o r  s t a t i c  users,  a t  t h i s  t ime, i s  due t o  i naccu rac i es  i n  t h e  GPS 

s a t e l l i t e  ephemerides and t h e  lack  o f  a p p r o p r i a t e  sof tware f o r  f i e l d  use. 

The p o s s i b l e  pessimism generated by t h e  accuracy statements i n  t h e  

p reced ing  paragraph f o r  GPS-derived WGS 84 coord ina tes  needs t o  be d i s p e l l e d .  

For  example, GPS-derived WGS 84 coord ina tes  can c u r r e n t l y  be ob ta ined  by a  

dynamic user  t o  an accuracy o f  f2 meters (one sigma) when t h e  r e c e i v e r s  a re  

opera ted  i n  t h e  d i f f e r e n t i a l  mode L9.81 C9.91. I n  a d d i t i o n ,  t h e  s u b s t a n t i a l  

improvements a n t i c i p a t e d  i n  NAVSTAR GPS "system" c a p a b i l i t y ,  r e c e i v e r  so f tware  

and storage, and o t h e r  r e l a t e d  areas w i l l  l ead  i n  t h e  near f u t u r e  t o  t h e  capa- 

b i l i t y  o f  bo th  f i x e d  and mob i le  GPS r e c e i v e r s  t o  p r o v i d e  WGS 84 coord ina tes  t o  

an accuracy - < f2  meters  ( l a )  when operated i n  t h e  p r e c i s e  p o s i t i o n i n g  s e r v i c e  

mode. 

Tables 9.1 and 9.2 p resen t  t h e  one-sigma accuracy o f  WGS 84 coo rd i -  

na tes  when such coo rd i na tes  a re  determined a t  Doppler s t a t i o n s  u s i n g  Loca l  

Geodet ic System-to-WGS 84 Datum Trans fo rmat ions - - the  Standard Molodensky Datum 

Trans fo rmat ion  Formulas w i t h  Mean Datum S h i f t s  and Datum Trans fo rmat ion  MREs, 

r e s p e c t i v e l y .  Table  9.2 con ta i ns  r e s u l t s  f o r  t h e  same l o c a l  geode t i c  systems 

t h a t  appear i n  Table  9.1, except  f o r  NAD 83. (Datum t r a n s f o r m a t i o n  MREs were 

n o t  developed f o r  NAD 83 due t o  i t s  i n t e r n a l  cons is tency  and c l o s e  agreement 

w i t h  WGS 84.) However, t h e  WGS 84 coo rd i na te  accurac ies  p rov i ded  i n  Tables 9.1 

and 9.2 have l i m i t e d  a p p l i c a t i o n  s i nce  t hey  do n o t  r e f l e c t  t h e  v a r i a b l e  na tu re  

o f  WGS 84 coo rd i na te  e r r o r s  th roughou t  a  datum area. Th i s  shor tcoming i s  n o t  

p resen t  i n  F i gu res  9.4 th rough  9.9, and s i m i l a r  f i g u r e s  i n  Sec t i on  27 o f  19.11. 

These g raph i cs  p r o v i d e  d e t a i l e d  i n f o r m a t i o n  on t h e  v a r i a b l e  na tu re  o f  WGS 84 

coo rd i na te  accuracy a t  Doppler s t a t i o n s  th roughou t  a  l o c a l  geode t i c  system (as 

a  f u n c t i o n  o f  t h e  datum t r a n s f o r m a t i o n  techn ique  used t o  o b t a i n  t h e  WGS 84 

coo rd i na tes ) .  
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The accuracy va lues a v a i l a b l e  a t  Doppler s t a t i o n s  f rom such con tour  

c h a r t s  may a l s o  be v a l i d  a t  non-Doppler s i t e s  under c e r t a i n  c i rcumstances. 

Besides be ing  a f f e c t e d  by t h e  datum t r a n s f o r m a t i o n  techniques used, t h e  accu- 

r a c y  o f  t h e  WGS 84 coo rd i na tes  o f  l o c a l  geode t i c  system non-Doppler s i t e s  i s  

i n f l u e n c e d  by t h e  s i t e ' s  l o c a t i o n  w i t h i n  t h e  network (i.e., i t s  p r o x i m i t y  t o  a  

Doppler s t a t i o n ) ,  whether t h e  network has s i g n i f i c a n t  d i s t o r t i o n s ,  whether 

enough Doppler s t a t i o n s  a re  a v a i l a b l e  t o  p r o p e r l y  de f ine  any e x i s t i n g  d i s t o r -  

t i o n s ,  and t h e  accuracy w i t h  which t h e  Doppler s t a t i o n s  a re  g e o d e t i c a l l y  t i e d  

t o  t h e  l o c a l  network. Due t o  t h e  sma l l  number of Doppler datum convers ion  s ta -  

t i o n s  a v a i l a b l e  f o r  most l o c a l  geode t i c  systems, t h e i r  o f t e n  less - than- idea l  

d i s p e r s a l  th roughou t  t h e  network, and t h e  lack  o f  d e f i n i t i v e  i n f o r m a t i o n  on t h e  

q u a l i t y  o f  most l o c a l  geode t i c  networks, t h e  WGS 84 coo rd i na te  accurac ies  p ro -  

v i ded  i n  t h i s  Chapter a r e  n e c e s s a r i l y  r i g o r o u s l y  a p p l i c a b l e  o n l y  a t  t h e  Doppler 

s t a t i o n s .  However, i f  t h e  l o c a l  geode t i c  systems a r e  f r e e  o f  s i g n i f i c a n t  d i s -  

t o r t i o n s  and/or a re  o f  sma l l  geograph ica l  ex ten t ,  t h e  accuracy va lues a v a i l a b l e  

f r om  F igu res  9.4 - 9.9 and s i m i l a r  g raph ics  i n  C9.11 may a l s o  be v a l i d  a t  non- 

Doppler s i t e s  i n  t h e  datum area. The d e c i s i o n  on whether such accuracy values 

a re  v a l i d  a t  non-Doppler s i t e s  must be made on a  datum-by-datum bas i s  based on 

t h e  a n a l y s t ' s  knowledge o f  t h e  geode t i c  q u a l i t y  o f  t h e  l m a l  datum invo lved .  

For  convenience, an a t tempt  i s  made w i t h  Table  9.3 t o  summarize t h e  

d i s c u s s i o n  on WGS 84 coo rd i na te  accuracy. However, due t o  t h e  many f a c t o r s  i n -  

volved, Table  9.3 must be used c a r e f u l l y ,  and w i t h  s p e c i a l  a t t e n t i o n  p a i d  t o  

t h e  f oo tno tes .  I n  a d d i t i o n ,  t h e  accurac ies  recorded i n  Table 9.3 a re  genera l  

accuracy values, w h i l e  t h e  accurac ies  assoc ia ted  w i t h  WGS 84 coord ina tes  de te r -  

mined u s i n g  e i t h e r  t h e  Datum Trans fo rmat ion  MREs (A+, Ax, A H )  o r  t h e  Standard 

Molodensky Datum Trans fo rmat ion  Formulas w i t h  Mean Datum S h i f t s  (x, m, hZ) 
a r e  l a r g e l y  datum dependent. Therefore,  when e i t h e r  o f  these two datum conver- 

s i o n  techn iques  a re  b e i n g  used t o  o b t a i n  WGS 84 coord ina tes ,  Table  9.3 i s  n o t  

as a p p r o p r i a t e  as Tables 9.1 and 9.2, F i gu res  9.4 - 9.9, o r  s i m i l a r  g raph ics  

f r om  [9.1], f o r  o b t a i n i n g  accuracy va lues a p p l i c a b l e  t o  a  s p e c i f i c  l o c a l  

geode t i c  system. 

To p r o v i d e  accuracy da ta  supplemental  t o  t h a t  a v a i l a b l e  i n  t h i s  

Chapter f o r  WGS 84 Coord inates determined a t  non-Doppler s i t e s ,  s tandard 

d e v i a t i o n s  ( a  a  ) were computed f o r  t h e  mean datum s h i f t s  f o r  each 
Tf "if z 



[Revised: 30 September 19881 

l o c a l  g e o d e t i c  system h a v i n g  two o r  more Dopp ler  datum t r a n s f o r m a t i o n  s t a t i o n s  

us ing ,  f o r  example, f o r  a - t h e  f o r m u l a :  
AX 

I n  E q u a t i o n  (9-181, AXi i s  t h e  datum s h i f t  a t  Dopp le r  datum t r a n s f o r m a t i o n  s t a -  

t i o n  i and n  i s  t h e  number o f  such s t a t i o n s  used i n  d e t e r m i n i n g  . Analogous 

f o r m u l a s  were used t o  compute a and a . Then, i n s t i t u t i n g  i n  keep ing  w i t h  m 37 
Equa t ions  (9 -3 )  and (9 -4 )  a minimum e r r o r  t h r e s h o l d  o f  a = a = a = -12 - - 

AX AY AZ 
meters ,  t h e  s t a n d a r d  d e v i a t i o n s  computed v i a  E q u a t i o n  (9-18)  and analogous f o r -  

mulas were m o d i f i e d  b y  a p p l y i n g  a  m u l t i p l i c a t i v e  f a c t o r  o f  2  o r  1.5 depending 

on whether  t h e  mean datum s h i f t  had been de te rm ined  u s i n g  two o r  more than  two 

Dopp le r  datum t r a n s f o r m a t i o n  s t a t i o n s ,  r e s p e c t i v e l y .  A m u l t i p l i c a t i v e  f a c t o r  

o f  2 .5  was a p p l i e d  t o  a - = a = a = 2 2  meters  t o  o b t a i n  s t a n d a r d  - 
AX AY AZ 

d e v i a t i o n s  f o r  datum s h i f t s  deve loped f o r  l o c a l  g e o d e t i c  systems h a v i n g  o n l y  

one Dopp le r  datum t r a n s f o r m a t i o n  s t a t i o n .  Use o f  such m u l t i p l i c a t i v e  f a c t o r s  

was deemed necessary  t o  account  f o r  d i s t o r t i o n s  o f  unknown magni tude assumed t o  

e x i s t  i n  t h e  l o c a l  g e o d e t i c  networks .  The above p rocedure  was n o t  used w i t h  

NAD 83, however, due t o  t h e  c o n s i s t e n c y  assumed t o  e x i s t  i n  t h e  network .  

I n s t e a d ,  a g a i n  k e e p i n g  i n  mind Equa t ions  (9 -3 )  and (9-41, t h e  s t a n d a r d  

d e v i a t i o n s  o f  t h e  mean datum s h i f t s  f o r  NAD 83 were t a k e n  t o  be 

a = a  = a  = + 2  - - - meters .  The s t a n d a r d  d e v i a t i o n s  d i s c u s s e d  above, and 
AX a Y AZ 

t h e  mean datum s h i f t s  t o  wh ich  t h e y  app ly ,  a r e  r e c o r d e d  i n  Tab le  10.1 C9.11. 

Any Tab le  10.1 e r r o r  va lues  s m a l l e r  t h a n  analogous q u a n t i t i e s  i n  Tab le  9.1 (and 

r e l a t e d  g r a p h i c s ) ,  when expressed i n  t h e  f o r m  of Tab le  9.1, s h o u l d  be r e p l a c e d  

by  t h e  l a t t e r  due t o  t h e  g r e a t e r  r i g o r  used i n  t h e i r  development.  

D e s p i t e  t h e  sho r t comings  (e.g., Tab les  9.1-9.3 do n o t  c o n t a i n  e n t r i e s  

f o r  a l l  83 l o c a l  g e o d e t i c  systems),  t h e  accu racy  d a t a  i n  t h i s  Chapter  and i n  

S e c t i o n s  10 and 27 of [9.11, when used w i t h  care ,  shou ld  be o f  c o n s i d e r a b l e  

v a l u e  t o  t h o s e  i n v o l v e d  i n  t h e  g e n e r a t i o n  and use o f  WGS 84 c o o r d i n a t e s .  I f  

t h i s  WGS 84 c o o r d i n a t e  accu racy  d a t a  p roves  t o  be i nadequa te  f o r  a  p a r t i c u l a r  

a p p l i c a t i o n ,  t h e  r e q u i r e m e n t  f o r  a d d i t i o n a l  d a t a  o r  i n f o r m a t i o n  s h o u l d  be 

f o r w a r d e d  t o  t h e  address  p r o v i d e d  i n  t h e  PREFACE. 

9 - 1 7  
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Table 9.1 

Accuracy ( l a )  o f  WGS 84 Coord inates a t  Doppler S i t e s  
- WGS 84 Coord inates Determined Using Molodensky Datum Trans fo rmat ion  Formulas 

and Loca l  Geodet ic System-to-WGS 84 Mean Datum S h i f t s  ( z, x, ) - 

Loca 1 
Geodet ic Systems 

Ad i ndan 

Arc 1950 

Arc 1960 

A u s t r a l i a n  Geodetic 
1966 

A u s t r a l i a n  Geodetic 
1984 

Be l l evue  (IGN) 

Bermuda 1957 

Bogota Observatory  

Campo Inchauspe 

Canton A s t r o  1966 

Cape 

Cape Canaveral  

Carthage 

Chatham 1971 

Chua A s t r o  

Corrego A legre  

D j a k a r t a  

European 1950 

Western Europe 

* UK/ I re land  

* UK (On ly )  

Cyprus 

Egypt 

Number o f  
;ompar i s o n  

P o i n t s  

L i n e a r  E r r o r  
Geodet ic 

C i r c u l a r  
( H o r i z o n t a l )  

E r r o r  
( aDc) 

Sphe r i ca l  
( P o s i t i o n a l  } 

E r r o r  

( O D ~ )  

* ED 50 coo rd i na tes  developed f rom OSGB S c i e n t i f i c  Network 1980 (SN 80) coord ina tes .  

9 - 2 0  



Table 9.1 ( ~ o n t ' d )  

Accuracy ( l a )  o f  WGS 84 Coord inates a t  Doppler S i t e s  
- WGS 84 Coord inates Determined Using Molodensky Datum Trans fo rmat ion  Formulas 

and Loca l  Geodet ic  System-to-WGS 84 Mean Datum S h i f t s  ( m, V ,  7iT ) - 

Loca 1 
Geodet ic Systems 

Number o f  
Comparison 

P o i n t s  

I 
European 1950 (Cont I d )  

I r a n  

Geodet ic Datum 194' 

Guam 1963 

H jo r sey  1955 

I n d i a n  

I r e l a n d  1965 

Kandawa l a  

Ker tau  1948 

L i b e r i a  1964 

Luzon 

Merch i ch 

Minna 

NAD 27 

Alaska 

Canada 

CONUS 

Mexico, C e n t r a l  

America 

Car ibbean 

NAD 83 

O ld  Egyp t ian  

O ld  Hawai ian 

Oman 

Ordnance Survey o f  
Great  B r i t a i n  193E 

L i nea r  E r r o r  
Geodet ic 

L a t  i t u d l  
(aD 

$ 

Longi  t u d  
(aD 

A 

Heighl  

( % % '  

C i r c u l a r  
( H o r i z o n t a l  ) 

E r r o r  

( C b c  ) 

Spher ica 1  
( P o s i t i o n a l )  

E r r o r  



Table 9.1 (Cont'd) 

Accuracy (1 cd of WGS 84 Coordinates at Doppler Sites 
- WGS 84 Coordinates Determined Using Molodensky Datum Transformation Formulas 

and Local Geodetic System-to-WGS 84 Mean Datum Shifts ( Z, m, aZ ) - 

Loca 1 
Geodetic Systems 

Provisional South 
American 1956 

Puerto Rico 

Qatar National 

South American 1969 

Southwest Base 

Timbalai 1948 

Tokyo 

Wake-Eniwetok 1960 

Zander i j 

Number of 
:ompar i son 
Points 

Linear Error 
Geodetic 

Latitude 
) 

4 

-ong itude 
(crD 
5 

Circular 
[Horizontal ) 

Error 
( 0 ~ ~ )  

Spherical 
(Positional) 

Error 
0 ~ ~ )  

NOTE: The accuracies listed in this table are general accuracy values determined 
using data developed at Doppler sites. m u r e s  27.1 - 27.21 in L9.11 
before deciding to use accuracy values from this table. 
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Table 9.2 

Accuracy (1 a) of WGS 84 Coordinates at Doppler Sites 
- WGS 84 Coordinates Determined Using Local Geodetic System-to-WGS 84 

Datum Transformation Multiple Regression Equations - 

Loca 1 
Geodetic Systems 

Adi ndan 

Arc 1950 

Arc 1960 

Australian Geodetic 
1966 

Australian Geodetic 
1984 

Bellevue (IGN) 

Bermuda 1957 

Bogota Observatory 

Campo Inchauspe 

Canton Astro 1966 

Cape 

Cape Canaveral 

Carthage 

Chatham 1971 

Chua Astro 

Corrego Alegre 

Djakarta 

European 1950 

Western Europe 

* UK/Ireland 
* UK (Only) 

Cyprus 

Egypt 

Number of 
:ompar ison 
Points 

Linear Error 
Geodetic 

Circular 
Hor izonta l ) 

Error 

Spherical 
(Positional) 

Error 

* ED 50 coordinates developed from OSGB Scientific Network 1980 ( S N  80) coordinates. 

9 - 2 3 



Table 9.2 (Cont'd) 

Accuracy (la) of WGS 84 Coordinates at Doppler Sites 
- WGS 84 Coordinates Determined Using Local Geodetic System-to-WGS 84 

Datum Transformation Multiple Regression Equations - 

Local 
Geodetic Systems 

Number of 
Comparison 

Points 

I 

European 1950 (Cont Id) 

Iran 

Geodetic Datum 1949 

Guam 1963 

Hjorsey 1955 

Indian 

Ireland 1965 

Kandawa la 

Kertau 1948 

Liberia 1964 

Luzon 

Merchich 

Minna 

NAD 27 

Alaska 

Canada 

CONUS 

Mexico, Central 
America 

Caribbean 

Old Egyptian 

Old Hawaiian 

Oman 

Ordnance Survey of 

Great Britain 1936 

Linear Error 
Geodetic 

Latitude 
(OD,$) 

Circular 
'Horizontal ) 

Error 
( o~~ ) 

Spherica 1 
(Positional) 

Error 



Table  9.2 ( ~ o n t ' d )  

Accuracy ( l a )  o f  WGS 84 Coord ina tes  a t  Doppler  S i t e s  

- WGS 84 Coord ina tes  Determined Us ing  L o c a l  Geodet ic  System-to-WGS 84 

Datum T r a n s f o r m a t i o n  M u l t i p l e  Regress ion Equa t ions  - 

Loca 1  

Geodet ic  Systems 

P r o v i s i o n a l  South 
American 1956 

P u e r t o  R i c o  

Q a t a r  N a t i o n a l  

South American 1965 

Southwest Base 

T i m b a l a i  1948 

Tokyo 

Wake-Eniwetok 1960 

Zander i j 

Number o f  

Comparison 

P o i n t s  

L i n e a r  E r r o r  

Geodet ic  

L a t i t u d e  

( 0 ,  ) 
Q 

H e i g h t  

f8.5 

3.4 

3.7 

4.7 

3.4 

3.3 

4.2 

3.3 

3.6 

C i r c u l a r  

( H o r i z o n t a l  ) 

E r r o r  

( 0 ~ ~ '  

S p h e r i c a l  

( P o s i t i o n a l )  

E r r o r  

( T Is )  

** Number i n c l u d e s  two Doppler  s t a t i o n s  on Okinawa. R e l a t e d  e n t r y  i n  Tab le  9.1 

does n o t  i n c l u d e  t h e s e  two s t a t i o n s .  

NOTE: The a c c u r a c i e s  l i s t e d  i n  t h i s  t a b l e  a r e  genera l  accu racy  va lues  de te rm ined  
u s i n g  d a t a  deve loped a t  Doppler  s i t e s .  m u r e s  27.22 - 27.42 i n  19.11 
b e f o r e  d e c i d i n g  t o  use accuracy va lues f r o m  t h i s  t a b l e .  

9 - 2 5  



Table  9.3 

Accuracy ( l a )  o f  WGS 84 Coord ina tes  
As a  F u n c t i o n  o f  Coord ina te  D e t e r m i n a t i o n  Technique 

Accurac ies  ( l a )  WGS 84 Coord ina tes  o f  S i t e  
Determined Us ing Geodet ic  

L a t i t u d e  
Geodet ic  
L o n g i t u d e  

Geodet ic  
H e i g h t  

S a t e l l i t e  P o i n t  P o s i t i o n i n g  D i r e c t l y  
i n  WGS 84 

NSWC 92-2 t o  WGS 84 T r a n s f o r m a t i o n  

L o c a l i z e d  AX, AY, AZ Datum S h i f t s  (Tabu la r  
o r  From AX, AY, AZ Datum S h i f t  Contour 
C h a r t s )  and S tandard  Molodensky Datum 
T r a n s f o r m a t i o n  Formulas  

L o c a l i z e d  AX, AY, AZ Datum S h i f t s  and D i r e c t  2* 
C o o r d i n a t e  Convers ion  ( X ,  Y ,  Z t o  4, A, H) I 

I A$, AA, AH Datum S h i f t  Contour Char ts  1 3** 

Datum S h i f t  M u l t i p l e  Regress ion  
Equa t ions  ( A$,  A x ,  A4-I ) 

x, m, Mean Datum S h i f t s  and D i r e c t  
C o o r d i n a t e  C o n v e r s i o n  ( X ,  Y ,  Z t o  $, A, H) I 5*** 

3 *** 

m, T ,  Mean Datum S h i f t s  and Standard - 
Molodensky Datum T r a n s f o r m a t i o n  Formulas 

* P e r t a i n s  o n l y  t o  t h e  use o f  l o c a l i z e d  AX, AY, @Z datum s h i f t s  ( t a b u l a r  o r  f r o m  AX, AY,  
AZ Datum S h i f t  Contour  C h a r t s ) .  A p p l i c a b l e  o n l y  i n  t h e  v i c i n i t y  - - -  o f  Doppler  s t a t i o n s ;  
t h e  e r r o r s  a r e  l a r g e r  e lsewhere [and i f  mean datum s h i f t s  ( A X ,  AY,  A Z  ) a r e  used]. 

5*** 

** A p p l i c a b l e  o n l y  i n  t h e  v i c i n i t y  o f  Doppler  s t a t i o n s .  The e r r o r s  a r e  l a r g e r  e lsewhere.  

*** These a r e  g e n e r a l  accu racy  va lues  p e r t a i n i n g  t o  NAD 27 (CONUS), and wi  11 n o t  neces- 
s a r i l y  be t h e  same f o r  o t h e r  l o c a l  g e o d e t i c  systems. (See Tab les  9.1 and 9.2 f o r  
these  and o t h e r  g e n e r a l  accu racy  values,  and t h e n  F i g u r e s  27.1 - 27.42 f r o m  Reference 
9.1 f o r  how t h e  accuracy  va lues  v a r y  t h r o u g h o u t  t h e  datum areas. )  
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T a b l e  9.3 ( C o n t ' d )  

Accu racy  ( l a )  o f  WGS 84 C o o r d i n a t e s  
As a  F u n c t i o n  o f  C o o r d i n a t e  D e t e r m i n a t i o n  Techn ique  

WGS 84 C o o r d i n a t e s  o f  S i t e  
D e t e r m i n e d  U s i n g  

WGS 72 t o  WGS 8 4  T r a n s f o r m a t i o n  
Formul  as : 

- A t  D o p p l e r  S t a t i o n s  (WGS 72 
C o o r d i n a t e s  f r o m  Sate1  1  i t e  P o i n t  
P o s i t i o n i n g )  

- A t  Non-Dopp le r  G e o d e t i c  Network  
S t a t i o n s :  

- Near  D o p p l e r  S t a t i o n s ,  WGS 72 
~ o o r d i  n a t e s  f r o m  L o c a l  i z e d  
Datum S h i f t s  

- WGS 72 C o o r d i n a t e s  f r o m  Mean 
Datum S h i f t s  

Geode t i c  
L a t i t u d e  

A c c u r a c i e s  ( 1 0 )  
G e o d e t i c  
L o n g i t u d e  

; eode t i c  
H e i g h t  

[Use O n l y  as a  L a s t  R e s o r t ;  
L a r g e  E r r o r s .  See S e c t i o n s  
7.2.3 and 9.3 o f  t h i s  R e p o r t  
and S e c t i o n  26 ( F i g u r e s  26.1 - 
26.30) o f  Re fe rence  9.1. 
R e l a t e d  I n f o r m a t i o n  A l s o  
A v a i l a b l e  i n  S e c t i o n  11 and 
S e c t i o n  27 ( F i g u r e s  27.1 
-27.21) o f  Re fe rence  9.1.1 
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Figure 9.5. Accuracy ( lo )  of WGS 84 Geodetic Longitudes at Doppler Sites (NAD 27 Area, CONUS), Longitude Determined Using 

Mean Datum Shifts (Contour Interval = 1 Meter) 
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Figure 9.8. Accuracy (la) of WGS 84 Geodetic Longitudes at Doppler Sites (NAD 27 Area, CONUS), Longitude Determined Using 

Datum Transformation MREs (Contour Interval = 0.5 Meter) 
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Figure 9.9. Accuracy (la) of WGS 84 Geodetic Heights at Doppler Sites (NAD 27 Area, CONUS). Geodetic Height 

Determined Using Datum Transformation MREs (Contour Interval = 0.5 Meter) 
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